Abstract. Prostate cancer (PCa) is one of the most common malignant tumors and the second leading cause of cancerrelated death among males. Bax-interacting factor-1 (Bif-1) is a member of Endophilin family, which binds to and activates the BAX protein in response to the apoptosis signaling pathway. Loss of Bif-1 may suppress the intrinsic pathway of apoptosis and promote tumorigenesis, but there is also converse evidence that Bif-1 could in part be responsible for the tumorigenesis and the role of Bif-1 in PCa development is not clear. In the present study, we aimed to understand the relationships between Bif-1 expression and PCa development. The mRNA and protein expression levels of Bif-1 in PCa cell lines, benign prostatic hyperplasia (BPH) (n=100) and PCa tissues (n=100, including low Gleason-scored PCa n=43 and high Gleasonscored PCa n=57) were detected and the effects of Bif-1 overexpression on the apoptosis, proliferation and migration in LNCaP cells were explored. Bif-1 mRNA levels of PCa cell lines were analyzed by real-time PCR and the protein levels were detected by western blotting. Bif-1 expression in BPH and PCa samples was detected by immunohistochemistry. To build Bif-1 overexpression PCa cells, Bif-1 gene was transfected into LNCaP cells by pcDNA3.1(+)-Bif-1 vector. Cell apoptosis was detected by flow cytometric analysis, cell proliferation measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and cell migration was analyzed by wound-healing assay. The results proved that Bif-1 is downregulated in both PCa cell lines (P<0.01) and clinical samples (P<0.05), and Bif-1 expression is suppressed with the cancer progression (BPH vs. PCa P<0.01, and low Gleason-scored PCa vs. high Gleason-scored PCa P<0.05). Overexpression of Bif-1 could significantly inhibit cell proliferation (P<0.05) and enhancing PCa cell apoptosis (P<0.05), but it did not affect the migration ability (P>0.05). Our findings give strong evidence that Bif-1 is involved in PCa tumorigenesis and acts as a suppressor in PCa progression, and may have significance in understanding the process of PCa development.
Introduction
Prostate cancer (PCa) is one of the most common malignant tumors in the male worldwide, and the second leading cause of cancer-related death among men in America (1) (2) (3) (4) . Despite the development in PCa early diagnosis and treatment methods (5), metastasis and tumor relapse still remains a serious problem for the patients long-term survival, and the mechanisms involved in PCa progression and metastasis are not fully understood. Several studies have shown that inhibition of apoptosis is the most critical factor for tumorigenesis in PCa (6, 7) . It has been reported that overexpression of Bcl-xL in PCa may suppress the activity of the pro-apoptotic molecules Bax and Bak, and may contribute to androgen deprivation resistance and progression of PCa (8) (9) (10) (11) . However, apoptosis regulation is a very complicated process, with many different signal pathways and molecules involved, therefore, to better understand the anti-apoptosis mechanisms of PCa cells, more apoptosis-related molecules that possibly are involved in the PCa progression remains to be explored.
Bax-interacting factor-1 (Bif-1), also known as SH3GLB1 or endophilin B1, is a member of Endophilin family, contains an amino-terminal N-BAR (Bin-Amphiphysin-Rvs) domain and a carboxy-terminal SH3 (Src-homology 3) domain and Bax-interacting factor-1 inhibits cell proliferation and promotes apoptosis in prostate cancer cells LIN (12) (13) (14) . Bif-1 was originally identified as a Bax-binding protein, and represents a new type of Bax activator that controls the mitochondrial pathway of apoptosis. However, the role of Bif-1 in tumor development and progression remains to be elucidated. Various results seem even contradictory. It is reported in PIN that, knockout of Bif-1 could suppress Bax/Bak conformational change, cytochrome c release, caspase activation and cell death (8, (15) (16) (17) . However, it is also reported that in hepatocellular carcinoma, Bif-1 expression is upregulated and correlates with shortened patient survival (18) . There are studies suggested that Bif-1 gene may act as a tumor suppressor (16, (19) (20) (21) . It is reported that Bif-1 mRNA levels are downregulated in lung carcinoma (22) , pancreatic (16, 23) , breast (20, 24) and colon cancer (24) (25) (26) . However, a study in Merkel cell carcinoma (MCC) shows that the Bif-1 expression level is associated with low levels of Bax, which indicated that upregulation of Bif-1 could in part be responsible for the tumorigenesis of MCC (13) . There is scarce information concerning the relationships between Bif-1 and PCa. The role of Bif-1 in PCa tumorigenesis and progression remains unclear. A study by Coppola et al (8) found that Bif-1 expression was decreased in a subset of PCa as compared to normal prostate, suggesting that Bif-1 may play an important role in the early stage of PCa development, but they also found a proportion of PCa cases that expressed high level of Bif-1 (8) . Iacopino et al (19) reported that both BCL-2 and BAX expression levels were higher in PCa than in benign prostatic hyperplasia (BPH) whereas the BCL-2/BAX ratio was lower in PCa than in BPH, but the Bif-1 level was not analyzed at the same time. Evidence suggests that Bif-1 may be involved in tumorigenesis of PCa, but its effect in the development and progression of PCa remains to be elucidated. Therefore, to further understand the role of Bif-1 in PCa tumorigenesis, in the present study, we overexpressed Bif-1 by introducing the wild-type Bif-1 gene into an invasive human PCa cell line LNCaP cells, which constitutively expressed very low levels of Bif-1, to assess the possible role of overexpressed Bif-1 on the growth and apoptosis of PCa cells.
Materials and methods
Cell lines and tissue samples. The PCa cell lines 22RV1, PC3, LNCaP and Du145 were all obtained from the American Type Culture Collection (ATCC; Manassas, VA, uSA) and cultured in RPMI-1640 medium (Gibco-BRL, Invitrogen Corporation, Grand Island, NY, uSA), 1 mM sodium pyruvate, 100 u/ml penicillin G, 100 µg/ml streptomycin (Sigma Corporation of America, Ronkonkoma, NY, uSA), 10% fetal bovine serum (fBS; Tianjin HaoYang Biological Manufacture Co., Ltd., Chinese Academy of Sciences, Beijing, China) at 37˚C in a humidified atmosphere of 5% CO 2 .
Prostate tissue samples were collected from 2010-2011 at the Department of Urology, The First Affiliated Hospital of Sun Yat-sen university (Guangzhou, China). In total, 200 samples were collected, including primary PCa (n=100) and benign prostatic hypertrophy samples (BPH, n=100). The average age of PCa patients was 70.66±8.18, and the average age of BPH patients was 67.81±9.31. The 100 primary PCa specimens were divided into two categories according to the Gleason score value, Gleason score 4, 5 and 6 (n=43), and Gleason score 7, 8 and 9 (n=57). All the samples were confirmed by pathologic diagnosis. Prior written consent of each patient for the use of clinical materials for research purposes was obtained, and the approval was granted by the Institutional Ethics Board (IRB) at The First Affiliated Hospital of Sun Yat-sen university.
Construction and transfection of pcDNA3.1(+)-Bif-1 vector.
We amplified the full-length gene of wild-type human Bif-1 from human genomic cDNA using forward primer, 5'-CCG GAATTCGCCTAGGATGAATATCATGGAC-3' and reverse primer, 5'-CGCCTCGAGAGTCCACCTACTTAATTGAG CAG-3'. The PCR procedure was: 95˚C for 3 min, 1 cycle, 95˚C for 30 sec, 58˚C for 30 sec, 72˚C for 90 sec, 35 cycles, 72˚C, for 5 min. The length of the amplified product was 1,087 bp. The cDNA fragments were then cloned into an EcoRI-XhoI double restriction enzyme digested pcDNA3.1(+) vector (Invitrogen, Carlsbad, CA, uSA). The selected recombinant plasmids were partially sequenced to confirm a correct Bif-1 open reading frame (ORf). The LNCaP cells were initially seeded at a density of 5x10 6 cells/100 mm dish 24 h before transfection. pcDNA3.1(+)-Bif-1 plasmid (10 µg) or the empty vector pcDNA3.1(+) control was used to transfect LNCaP cells with Lipofectamine 2000 reagent (Life Technologies, Gaithersburg, MD, uSA) according to the manufacturer's instructions. forty-eight hours after transfection, 0.5 mg/ml G418 was added for stable positive clone selection on the basis of preliminary G418 serial test results.
RT-PCR and real-time PCR.
RT-PCR was used to confirm the expression of Bif-1 cDNA in pcDNA3.1(+)-Bif-1 recombinant plasmid transfected LNCaP cells, and real-time PCR was used to detect the mRNA levels in PCa cell lines. Briefly, total RNA was extracted from LNCaP cells using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. The isolated total RNA was then mixed with oligo(dT) primer and incubated at 65˚C for 5 min. Then, cDNA was synthesized using SuperScript III (Invitrogen) at 50˚C for 50 min followed by heating at 85˚C for 5 min. The primers and PCR procedure were the same as those used in Bif-1 cDNA cloning, as shown above. The expected Bif-1 cDNA fragment length was 1,087 bp.
To determine relative Bif-1 mRNA expression levels in PCa LNCaP and pcDNA3.1(+)-Bif-1 transfected LNCaP cells, quantitative real-time PCR assays were performed on a Mastercycler EP realplex real-time PCR detector (Eppendorf, Germany). Specific PCR primers were designed based on Bif-1 cDNA gene (GenBank ID, NM_016009). The forward primer sequence was, 5'-GCTTGGCCAGGCTGAGAAG ACAG-3' (nucleotides 417-439), and the reverse primer was, 5'-TCCTGGCATTTGGATTTGGCTGCA-3' (nucleotides 553-530). The amplified product length is 137 bp, which corresponds to the ORf of Bif-1. The β-actin gene (GenBank ID, NM_001101.3) was used as an internal control. The forward primer sequence of β-actin was, 5'-CAGAGCCTCGC CTTTGCCGATCC-3' (nucleotides 31-53), and its reverse primer was, 5'-CCTTGCACATGCCGGAGCCGT-3' (nucleotides 139-119), with the product length 109 bp. Real-time PCR was carried out using the SYBR Premix Ex Taq™ kit (Perfect Real-Time; code, DRR081A) (Takara, Dalian, China) in a 50 µl final volume, containing 25 µl of reaction mixture, 0.5 µM of the forward and reverse primers, and 3 µl of RNA. The real-time PCR procedure was: cycle 1, 95˚C for 3 min; cycle 2 through 35, 95˚C for 5 sec, 60˚C for 34 sec, and fluorescence signal was detected at the end of each cycle. Melting curve analysis was drawn to confirm the specificity. Detection of each sample was repeated 3 times.
Immunohistochemistry. The slides were dewaxed by heating at 55˚C for 30 min followed by 3 washes with xylene, each for 10 min. Tissues were rehydrated by a series of 5-min washes in 100, 95 and 80% ethanol, and distilled water. Standard cell conditioning [following the Zhongshan Golden Bridge Biotechnology Co., Ltd. (Beijing, China) recommendations] was used for antigen retrieval. Then, the samples were incubated with a Bif-1 goat anti-human antibody (Santa Cruz Biotechnology, Inc., Dallas, TX, uSA) with the dilution ratio 1:200 at 4˚C overnight. The sections were then incubated with biotin-labeled secondary antibody and streptavidin-horseradish peroxidase for 30 min each (Zhongshan Golden Bridge Biotechnology Co., Ltd.). The samples were developed with 3,3'-diaminobenzidine tetrahydrochloride substrate and counterstained with hematoxylin (both from Zhongshan Golden Bridge Biotechnology Co., Ltd.). The slides were dehydrated and mounted. Negative controls were included by omitting Bif-1 antibody during the primary antibody incubation.
Western blotting. Cultured cells were harvested when 80% confluent. Cell protein was extracted in a homogenization buffer: phosphate-buffered saline (PBS) containing 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 10 mg/ml phenylmethylsulfonyl fluoride (PMSf), 1 mM sodium orthovanadate, 1 µg/ml leupeptin and 1 µg/ml aprotinin. The protein samples were separated by SDS-polyacrylamide gel electrophoresis (PAGE) and transferred to a nitrocellulose membrane. The membrane was blocked with 5% skim milk in PBST (pH 7.4 PBS with 0.1% Tween-20) for 1 h and incubated with the goat anti-human endophilin B1 polyclonal antibody S-20 (Santa Cruz Biotechnology, Santa Cruz, CA, uSA) and the antibody dilution ratio was 1:1,000. The Bif-1 protein was then detected by rabbit anti-goat horseradish peroxidase (HRP)-conjugated secondary antibody (dilution ratio 1:2,000; Santa Cruz Biotechnology) coupled with enhanced chemiluminescence (ECL) western blot detection reagents (Amersham, Arlington, IL, uSA). BPH sample BPH1 was used as a control.
Immunofluorescence analysis. Briefly, 1x10 5 cells/well were seeded on a sterile glass coverslip pre-coated with poly-L-lysine (Sigma, St. Louis, MO, uSA) in a 6-well culture plate. At 80% confluence, the cells were washed twice with PBS, fixed by 4% paraformaldehyde in PBS for 10 min, and permeablized with 0.1% Triton X-100 in PBS for 10 min at room temperature. Then, the coverslips were blocked by incubation for 30 min with 5% normal goat serum (jackson Laboratory, Bar Harbor, ME, uSA) in PBS. After washing with PBS 3 times, the cells were incubated with goat anti-human endophilin B1 antibody (dilution ratio 1:1,000; Santa Cruz Biotechnology) in PBS in a humidified chamber overnight at 4˚C. After 3 washes by PBS, cells were incubated with fITC-conjugated secondary antibody (1:2,000; jackson Laboratory) for 1 h at room temperature. Then, the cells were washed 3 times in PBS, and stained with 1 µg/ml 4',6-diamidino-2-phenylindole (DAPI) for 5 min. After further 3 washes in PBS, the coverslips were sealed with nail polish and observed, or stored in the dark at 4˚C before observation. Wound healing assay. Cell migration was evaluated by a scratched wound-healing assay on plastic plate wells. In brief, cells were seeded into a 6-well plate (5x10 5 cells/well) and grew to 100% confluency. The monolayer culture was scratched with a sterile micropipette tip to create a denuded zone (gap) of constant width and the cellular debris was removed. The initial gap width and the residual gap width at 12, 24 or 36 h after wounding were observed under an inverted microscope and photographed. The wound area was measured by the program Imagej (http://rsb.info.nih.gov/ij/). The percentage of wound closure was estimated by the formula: 1 -(wound area at Tt/wound area at T0) x 100%, where Tt is the time after wounding and T0 is the immediately wounding time.
Cell growth
Statistical analysis. Measurement data are presented as the mean ± SD. Statistical analysis was performed using the unpaired Student's t-test or analysis of variance (ANOVA). A two-sided value of P<0.05 was considered statistically significant. All statistical analyses were performed using SPSS 11.5 software (SPSS, Inc., Chicago, IL, uSA).
Results

Bif-1 expression is downregulated in both PCa cell lines and clinical PCa samples.
Bif-1 levels in PCa cells and tissues were detected by real-time PCR and western blot assays. BPH sample (BPH1) served as a control. Real-time PCR results showed that Bif-1 mRNA level was downregulated in PCa cells 22RV1, PC3, LNCaP and Du145 (P<0.01 compared with BPH1), and western blot analysis of Bif-1 protein expression revealed that Bif-1 protein expression was also decreased in those PCa cell lines as compared to benign prostate hypertrophy BPH1 ( fig. 1A and B) .
To verify the Bif-1 level in PCa samples, we carried out immunohistochemistry in 100 PCa samples and 100 benign prostatic hyperplasia (BPH) samples. The results showed that significant intense nuclear immunoreactivity was seen in BPH tissues and low-grade prostatic carcinoma tissues ( fig. 1C) . However, few cells showed positively-stained nuclei in high grade prostatic carcinoma lesions. Immunoreactive score analysis using Student's t-test further confirmed that Bif-1 expression is higher in BPH than PCa (P<0.01), and higher Gleason-scored samples exhibited significantly lower Bif-1 immunoreactivity scores (P<0.05). Therefore, Bif-1 expression is suppressed with the cancer progression, as shown in fig. 1C (BPH vs. high Gleason-scored PCa P<0.01, and low Gleason-scored PCa vs. high Gleason-scored PCa P<0.05). The results confirmed that compared with BPH samples, Bif-1 was significantly suppressed in PCa cells and tissues, and the suppression was more obvious in progressive PCa. We found that after 24 h of Bif-1 overexpression, the growth of Bif-1 overexpressing LNCaP cells (E-group) was markedly inhibited, as shown in fig. 3A , and the growth inhibition effect could be observed even more obviously at 48 h of Bif-1 overexpression (P<0.05). As a contrast, the proliferation of negative control (vector control) and blank control (non-transfected control) groups was not markedly changed (P>0.05). Although cell proliferation was significantly inhibited, the morphology of Bif-1 overexpressing LNCaP cells showed no change (Fig. 3B) . The results confirmed that Bif-1 could inhibit proliferation of PCa cells, but did not affect the cell morphology.
Bif-1 overexpression promotes cell apoptosis in PCa cells.
To further elucidate the molecular mechanism of the proliferation inhibition effect of Bif-1 on PCa cells, we examined the cell apoptosis change in Bif-1 overexpression cells. flow cytometric analysis showed that, in contrast to the negative control cells, the apoptosis proportion in Bif-1 overexpression LNCaP cells increased from 5.05±0.87 to 13.86±0.29 (P<0.05), as shown in fig. 4 . These results proved that Bif-1 overexp ression in LNCaP cells induced a significant enhancement of cell apoptosis.
Bif-1 overexpression does not affect the ability of PCa cell migration.
To understand the role of Bif-1 overexpression in cell migration, we used wound healing assay to compare the migration ability change between Bif-1 overexpression LNCaP cells (E-group) and the control cells, including the parental LNCaP cells (blank control) and the pCNDA3.1(+) vector transfected cells (negative control). By comparing the difference of the percentage of wound closure between E-group and control groups, we found that there is no significant change between the Bif-1 overexpression LNCaP cells and the control cells (P>0.05; fig. 5 ). Therefore, the wound-healing assay results demonstrated that Bif-1 had no marked effect on prostate cell migration capacity.
Discussion
Prostate cancer (PCa) is the most frequent malignancy in males and one of the leading causes of cancer-related death among males, particularly in more developed countries (1, 2, (27) (28) (29) . Although high-risk locally advanced or metastatic patients who receive androgen deprivation (AD) usually have durable remissions, the cancer cells eventually develop a variety of pathways to survive in a castrate environment and thus making tumor relapse inevitable (27) . It has been reported that inhibition of apoptosis is critical in PCa and may contribute to androgen resistance and progression of PCa (6, 9) . Therefore, to elucidate the mechanisms behind apoptosis escape of PCa cells is very important for the understanding of PCa progression mechanisms.
BAX interacting factor 1 (Bif-1) is a member of the endophilin B family, which binds to and activates the BAX protein in response to the apoptosis signaling pathway. Recently, mis-regulation of apoptosis has been reported as a new mechanism that may contribute to the progression of PCa that involves BCL-2 and BAX regulation (9, 19, 30) . Although there is evidence that indicated that Bif-1 may play an important role in the early stage of PCa (8), little is known about its effect on prostate cell biological behavior and its role in PCa progression remains unclear (8) . It has been reported that Bif-1 level is upregulated in a large proportion of PCa cases (8) , which seemed inconsistent with the known pro-apoptotic function of Bif-1 (8, 12, 13, 15, 31) . The relationships between Bif-1 expression and PCa development are not fully studied and the role of Bif-1 in PCa development remains unclear.
To understand the role of Bif-1 in PCa development, in the present study, we first detected the expression level of Bif-1 in PCa cell lines including 22RV1, PC3, LNCaP and Du145, and found that both Bif-1 gene and protein expression level was decreased in these cell lines compared with benign prostate hypertrophy (P<0.01). further immunohistochemistry examinations on clinical PCa and benign prostate hyperplasia (BPH) samples confirmed that Bif-1 level was higher in BPH, suppressed in low-grade prostatic carcinoma samples (P<0.05), and significantly decreased in high grade prostatic carcinoma samples (P<0.05). We presume that the mechanism of downregulated Bif-1 level in progressive PCa may be related to apoptosis escape of PCa cells in cancer development. figure 5 . Effect of Bif-1 overexpression on LNCaP cell migration. LNCaP cells were seeded in a 6-well plate (5x10 5 cells/well) and grew to confluence. The monolayer culture was scratched with a sterile micropipette tip to create a denuded zone (gap) of constant width and the cellular debris was removed by washing. The initial gap width and the residual gap width at 12, 24 or 36 h after wounding were observed and photographed under an inverted microscope. The wound area was measured by the program Imagej and the percentage of wound closure was calculated. (A) The appearance of blank and negative control, and E-group cells at different time points (inverted phase contrast microscope, magnification, x100). (B) Statistical analysis of cell migration results of E-group and control cells showed that there is no significant differences between the E-group, blank and negative controls as determined by Student's t-test (P>0.05).
Our findings are consistent with those of Coppola et al (8) . However, Coppola et al (8) also found a proportion of PCa cases that express high level of Bif-1, which we did not find in the present study. Since there is a lack of studies reporting the Bif-1 level in PCa cases, the Bif-1 expression in PCa samples still needs more related studies for complete elucidation.
To explore the relationships between Bif-1 expression level and PCa cell progression, we built a Bif-1 expression vector and Bif-1 overexpression LNCaP cells (E-group). The effect of Bif-1 overexpression on cell apoptosis, proliferation and migration was analyzed by flow cytometry, MTT and would healing assays, respectively. The LNCaP cells were chosen for Bif-1 effect analysis as it was an invasive human PCa cell line, and expressed constitutively very low levels of Bif-1. It was found that overexpression of Bif-1 significantly inhibited the proliferation of LNCaP cells (P<0.05). Although the cell number was markedly reduced, cell morphology was not affected. Further apoptosis analysis by flow cytometry confirmed that Bif-1 could significantly promote cell apoptosis (P<0.05), which proved that Bif-1 could inhibit PCa cell proliferation by inducing cell apoptosis. These results are consistent with the known function of proapoptosis of Bif-1 (12, 14) and the findings of Iacopino et al (19) , and support our presumption that downregulation of Bif-1 may be involved in PCa cell escape of apoptosis, and PCa cells may acquire apoptosis resistance by downregulating Bif-1 expression. However, the PCa apoptosis escape mechanism remains to be interpreted, and further studies are needed to elucidate the signaling pathway that Bif-1 is involved in. In the present study, we reported for the first time that overexpression Bif-1 could significantly inhibit the proliferation by inducing the apoptosis of PCa cells, and our findings also give strong supports of the tumor suppressor functions of Bif-1 in PCa progression. Since Bif-1 promoted apoptosis, inhibited PCa cell proliferation and acted as a suppressor in PCa progression, to restore the Bif-1 gene expression may be a new potential strategy for PCa therapy.
We also explored the effect of Bif-1 overexpression on PCa migration, since it was reported that Bif-1 could suppress the migration of breast cancer cells by promoting the EGfR endocytic degradation (20) , and whether or not Bif-1 can affect PCa cell migration is still unknown. The wound healing assay showed that Bif-1 overexpression had no significant effect on the migration capacity of PCa cells (P>0.05). The biological significance of these finding remains to be further determined.
In the present study, we detected the mRNA and protein expression in PCa cell lines, BPH and PCa samples, proved that Bif-1 is downregulated in both PCa cell lines and clinical samples. By introducing the ectopically expressed Bif-1 into LNCaP cells, we evaluated the role of Bif-1 on the growth and apoptosis of PCa cells. We found that overexpression of Bif-1 could significantly enhance PCa cell apoptosis and inhibit cell proliferation, although it did not affect the migration ability. Our findings give strong evidence that Bif-1 is involved in PCa tumorigenesis and act as a suppressor in PCa progression. To restore the Bif-1 gene expression may be a new potential strategy for PCa therapy. Our findings may have significance in understanding the process of PCa development.
